Background: Although there are several studies to investigate the smoking behaviors among rural-to-urban Chinese migrants, no study has focused individually on this population in Shanghai. This study was performed to estimate the prevalence and identify the determinants of tobacco smoking among rural-to-urban migrants in Shanghai. Methods: In this cross-sectional study, multi-stage quota sampling was used to select 5,856 rural-to-urban migrants aged 18 years or older from seven districts in Shanghai between July and October 2012. A structured questionnaire was administered to assess smoking knowledge, attitude, behavior and demographic characteristics. Mental health was assessed by the self-reported SCL-90. Multiple logistic regression analysis was used to determine the risk factors of smoking behavior. Results: A total of 5,380 of the 5,856 migrants enrolled completed the questionnaire, among whom 45.0% of male and 2.0% of female participants reported current smoking. Multivariate analysis revealed current smoking in female migrants to be significantly associated with working at construction (OR, 8.08; 95% CI, 1.80-36.28), hotels/restaurants (OR, 5.06; 95% CI, 1.68-15.27), entertainment sector (OR, 6.79; 95% CI, 2.51-18.42), with monthly income > 3500 yuan (OR, 2.69; 95% CI, 1.21-5.98), number of migratory cities of 2 (OR, 2.39; 95% CI, 1.23-4.65), and SCL-90 total score > 160 (OR, 2.03; 95% CI, 1.03-3.98), while the male migrants working at construction (OR, 1.30; 95% CI, 1.04-1.62), entertainment sector (OR, 1.86; 95% CI, 1.36-2.56), being divorced/widowed (OR, 2.20; 95% CI, 1.02-4.74), with duration of migration of 4 or more than 4 years (OR, 1.42; 95% CI, 1.06-1.91), number of migratory cities of 3 or more than 3 (OR, 1.42; 95% CI, 1.13-1.80), and SCL-90 total score > 160 (OR,1.39; 95% CI, 1.07-1.79) showed an excess smoking prevalence. Conclusion: Migration lifestyle and mental status were associated with current smoking behaviors. The identifications of risk factors for current smoking may help to target health promotion interventions.
Background
The World Health Organization (WHO) has estimated that smoking causes about 4 million deaths worldwide each year. This number is expected to exceed 8 million by 2030 [1] . More than 80% of these tobacco-attributable deaths will occur in the developing countries [1] . China is the largest consumer of tobacco in the world, producing a heavy burden of smoking-related diseases. According to the Global Adult Tobacco Survey conducted in 2010, 301 million adults in China are current smokers and 72.4% non-smoking adults are exposed to secondhand smoke in a typical week [2] . Approximately 1 million people die from smoking-related diseases annually and it is expected that this death number will reach 2 million a year by 2025 [3] . The treatment of smoking-related diseases also accounts for almost 6% of the total medical expenses in China [4] .
More than three-quarters of the population of China live in rural areas [5] . As a result of rapid industrialization, China has rapidly urbanized. More and more rural migrant workers move across counties or provinces to find new jobs. Rural-to-urban migrant workers are a special group in China. The term "rural-to-urban migrant" in China refers to farmers who move from rural to urban areas seeking employment and better living standards, without obtaining permanent urban residency ("hukou") [6] . According to the National Bureau of Statistics, the number of rural-to-urban migrant workers increased from 121 million in the year 2000 to 262 million in 2012 [7] , and will continue to grow. Shanghai is one of the largest metropolitan areas in China, with a population over 23 million [8] . As China's financial and economic center, Shanghai is a popular destination for rural migrants from the inner provinces [9] . During the past two decades, the number of rural-to-urban migrant workers living in Shanghai has increased greatly, with the estimated population of 9 million migrant workers from across China, accounting for more than one-third of Shanghai's total population in 2010 [8] .
Migration from rural to urban areas necessitates alterations in social status and living conditions that result in behavioral adaptations to urban life. Migrant workers are more likely to take riskier jobs than Shanghai natives. These jobs involve heavy labor and low income, such as working in the manufacturing, construction industry or service sector. Migrants usually undertake more physical workload, longer working hours, but receive less labor protection [10] . The stress induced by migration itself, unstable living situations and poor working conditions, is likely to increase the risk of substance abuse, including smoking, in this population [11] . Several studies suggest that rural-to-urban migrants have an excess smoking prevalence [12, 13] . However, the relationship between smoking behavior and rural-to-urban migration in China has not been well characterized. The objective of our study was to investigate smoking behavior, knowledge regarding smoking, and attitude toward smoking in rural-to-urban migrant workers living in Shanghai. We aimed to identify demographic characteristics, migrant status and psychological conditions associated with smoking in order to aid the design of an effective public health intervention strategy for tobacco control.
Methods

Study design and sampling
A cross-sectional survey of rural-to-urban migrant workers in Shanghai was conducted. Between July and October 2012, rural-to-urban migrants were recruited by using a multistage systematic sampling procedure. In stage 1, seven of the seventeen districts of Shanghai were randomly selected (Changning, Pudong, Putuo, Yangpu, Xuhui, Jiading, and Qingpu). These districts represented the inner-city (Changning, Yangpu and Xuhui), suburban (Jiading and Qingpu) and urban fringe zone (Pudong and Putuo). In stage 2, one sub-district in each of the seven study districts was randomly selected (Cao hejing, Chang zheng, Xin jing, Yin hang, San lin, Huang du, and Hua xin). In stage 3, a quota-sampling procedure was applied to recruit the participants. According to the employment of migrant workers reported by the National Bureau of Statistics 2011 [14] , six occupational clusters employed 83.7% of the rural-to-urban migrants in East China, including manufacturing, construction, hotels and restaurants, domestic service, wholesale and retail, and entertainment (such as barbers, beauty salons, bath houses, and night clubs). These six occupational clusters were selected as the sampling frame and worksites that employed migrants in seven sub-districts were used as the sampling units. Employers (or workplace managers) at sampling units were contacted for permission to conduct the survey on their premises. A total of 112 worksites (employees varied between 100 in some small-sized worksites to more than 1000 in those large factories) were selected from seven sub-districts according to the occupational cluster and then 20% of these worksites were randomly sampled by type. In stage 4, eligible participants were selected at the sampling units. An eligible participant was defined as an individual who was registered at a rural residence, had been working in Shanghai for at least 6 months without obtaining permanent residence, and was aged 18 or above. The number of participants was approximately proportionate to the overall distribution of the migrant population by occupational cluster. The aim and content of the survey were explained to all participants, and all provided written informed consent. Approval for this study was obtained from the Ethics Committee of Zhongshan Hospital, Fudan University.
Survey methods and data collection
A self-administrated questionnaire was designed to collect data. Questionnaires were pilot-tested for comprehension and appropriateness of language prior to the main study. Participation was voluntary and anonymous and the questionnaire was completed individually in a private interview room to protect the participant's confidentiality. General practitioners supervised the accomplishment of questionnaire by the study subjects themselves. Assistance was provided to those with difficulties in completing the questionnaire, owing to an educational deficit. The questionnaire required approximately 35 minutes to be completed. General practitioners checked the returned questionnaires for completeness on-site. All data collectors received training in the research methods prior to commencement of the survey. In addition, supervisors from Zhongshan Hospital observed 10% of the data collection process from each general practitioner to ensure the data quality.
The survey collected the following information: (1) Sociodemographic characteristics including age, gender, marital status, educational level, and income; (2) Employment and migratory history, including type of work, hours worked per day, years as a migrant worker and number of cities resided in since migrating to an urban area; (3) Smoking-related behavior including current smoking behavior, exposure to secondhand smoke, and intention to quit smoking; and (4) Knowledge and attitude toward anti-smoking policies. The participants were classified according to the definition in the 2002 National Survey [15] : 1) Participants that responded positively to the question "Have you ever smoked more than 100 cigarettes?" were categorized as smokers; 2) Participants reporting smoking within the 30 days preceding the interview were categorized as current smokers. The current smokers group comprised both daily and occasional smokers; 3) Participants reporting smoking 20 or more cigarettes per day were categorized as heavy smokers; and 4) Non-smoking participants reporting exposure to secondhand smoke for at least 1 day per week and over 15 minutes per day were categorized as passive smokers. Psychological status was assessed using a Chinese version of the symptom checklist-90 (SCL-90), a self-reported multidimensional inventory designed to screen for a broad range of psychological problems and symptoms of psychopathology, which includes 90 questions, each scored on a 5-point Likert scale. In China, the SCL-90 has previously been used to assess mental health among different populations, including migrant workers [16] . According to the baseline score of the SCL-90 in China, participants with SCL-90 total scores exceeding 160 were classified as mentally unhealthy [17] .
Statistical analysis
All data were double-entered independently and validated using EpiData version 3.1 (EpiData Association, Odense, Denmark). All statistical analyses were performed using SPSS version 20.0 (IBM, Chicago, IL, USA). The sociodemographic characteristics, employment and migratory history, smoking-related behavior, knowledge and attitude toward anti-smoking policies, and psychological status were presented as the frequency distributions, percentage, mean and standard deviation. The Chi-square test was performed to examine the associations between the smoking prevalence and the socio-demographic characteristics, migratory history, working conditions, and psychological status. The smoking-related knowledge and attitudes among current and non-current smokers were also tested by Chi-square test. Multivariate analysis with logistic regression model was applied to identify independent variables associated with current cigarette smoking, from which adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated. All the above smoking-related factors, including the socio-demographic characteristics (age, marital status, educational level, and income), employment and migratory history (type of work, hours worked per day, years as a migrant worker and number of migratory cities), and psychological status were analyzed in terms of smoking status (defined the current smokers = 1; non-current smokers = 0). Because of the great gender difference in smoking number in this study, regression model predicting determinants associated with current smoking behaviors was stratified by gender. P-value of less than 0.05 (2-tailed) was considered statistically significant.
Results
Characteristics of the study population
Of a total of 5,856 eligible participants, 5,380 completed the questionnaire, with an overall response rate of 91.9%. Participants ranged from 18 to 65 years of age, with a mean age of 34.3 ± 10.5 years. Roughly half (50.4%) of the participants were male ( Table 1 ). The average age of female participants (33.2 ± 10.0 years) was lower than that of males (35.3 ± 10.9 years).
Approximately half of the respondents only had completed junior high school (50.8%). The majority (73.2%) of participants were married. About half (45.7%) of the participants worked in manufacturing, 13.8% in construction, 11.7% in wholesale/retail, 11.2% in entertainment, 10.6% in domestic service, and 7.1% in hotels/restaurants. The majority (62.8%) reported their duration as a migrant to be 5 years or less. Almost 50.5% of the participants reported having migrated to only one city, while 8% reported having been in five or more cities ( Table 1) . Most of the participants (89.2%) presented with healthy psychological status (SCL-90 total scores≦160) ( Table 1) .
Smoking behavior, knowledge and associated factors
Among the 5380 migrant worker participants, 1427 (26.5%) were smokers and 1274 were classified as current smokers, resulting in a current smoking prevalence of 23.7% in our sample. Significantly fewer female participants were current smokers than the male participants (2.0% vs. 45.0%). Among the 1274 current smokers, 11.2% were heavy smokers, while 2004 participants (50.7%) in 3953 non-smokers were reported to be passive smokers because of exposure to secondhand smoke for at least 1 day per week and over 15 minutes per day. Table 1 shows that current smoking prevalence varied by various variables.
In addition, we also investigated the smoking behavior of current smokers: the mean cumulative smoking time reported by current smokers was 10.7 ± 9.0 years (range: 1 to 48 years); current smokers consumed an average of 13.0 ± 9.0 cigarettes per day; approximately 55.2% of current smokers reported smoking at their workplace and 58.8% reported previous attempts to quit smoking (Table 2) . Common reasons for trying to quit smoking were reported to be awareness of the dangers of smoking to health (65.7%), family member pressure (18.3%) and economic factor (11.2%). Nearly two-thirds of current smokers reported that they would reduce cigarette consumption or quit smoking in the coming year.
Of all the participants, about 66.3% participants were against smoking, 28.8% expressed neutral attitudes, and only 4.9% expressed positive attitudes toward smoking. The vast majority of those participants (82.2%) stated that smoking was very harmful to health, while 17.8% of migrant workers thought smoking was harmless to health. More than 60% of the participants (67.7%) had a positive attitude toward a ban on smoking in public places, whereas 14.5% had a negative attitude to such a ban (Table 3) . Smoking-related knowledge and attitudes differed significantly between current smokers and noncurrent smokers (Table 3) : 86.4% of non-current smokers were aware of the harm of smoking, in comparison to 68.6% of current smokers (P < 0.01); 72.7% of non-current smokers were in favor of a ban on smoking in public places, whereas only 51.8% of smokers supported such a ban (P < 0.01).
Multiple logistic regression analysis of determinants
The multiple logistic regression results stratified by gender are shown in Table 4 . In the female-specific model, working at construction (OR = 8.08; 95% CI = 1.80 -36.28), hotels/restaurants (OR = 5.06; 95% CI = 1.68-15.27), entertainment sector (OR = 6.79; 95% CI = 2.51-18.42), with monthly income > 3500 yuan (OR = 2.69; 95% CI = 1.21-5.98), number of migratory cities of 2 (OR = 2.39; 95% CI = 1.23-4.65), and SCL-90 total score > 160 (OR = 2.03; 95% CI = 1.03-3.98) significantly increased the likelihood of current smoking.
The male-specific model showed that migrants working at construction (OR = 1.30; 95% CI = 1.04-1.62), entertainment sector (OR = 1.86; 95% CI = 1.36-2.56), being divorced/widowed (OR = 2.20; 95% CI = 1.02-4.74), with duration of migration of 4 or more than 4 years (OR = 1.42; 95% CI = 1.06-1.91), number of migratory cities of 3 or more than 3 (OR = 1.42; 95% CI = 1.13-1.80), and SCL-90 total score > 160 (OR = 1.39; 95% CI = 1.07-1.79) were more likely to be current smokers. A higher age appeared to be protective against smoking for female (OR = 0.09; 95% CI = 0.01-0.74) and male migrants (OR = 0.73; 95% CI = 0.53-0.99). Furthermore, the male migrants working for domestic service showed a low smoking prevalence (OR = 0.56; 95% CI = 0.38-0.84).
Discussion
This present study was believed to be the first study to individually investigate the smoking habits of rural-tourban migrant workers in Shanghai. A total of 5,380 rural-to-urban migrant workers in 7 districts of the central city, urban fringe zone and suburbs of Shanghai were enrolled, in whom 45.0% of male and 2.0% of female migrant workers reported current cigarette smoking. The gender difference of smoking prevalence in our sample was similar with the previous studies [18, 19] . However, our current smoking prevalence of male seemed to be slightly lower than the estimate for a Beijing sample (51.7%) [12] and three cities sample (Chengdu, Shanghai and Beijing) (51%) [20] . The fraction of female smokers in our sample was also significantly lower than that reported by Chen et al. for ruralto-urban migrants in Beijing almost ten years ago (2% vs 10.9%) [12] . These variations in reported rates of smoking in this study with the study by Chen et al. [12] and Yang et al. [20] may be attributed to the different study location, sampling frames, and demographic characteristics of the population enrolled [18] . In addition, the prevalence of current smoking for males in our study was also observed to be lower than the national prevalence reported in the 2010 Global Adult Tobacco Survey (GATS) (52.9%) [2] and the prevalence for general male population in Shanghai (54.8%) [21] . This might result from the lower income of migrants in cities. Migrants belong to the lower socioeconomic rank of cities and always be paid at a minimum wage compared with urban counterparts, causing the huge gap of wages between Table 2 was not identical because of missing data on the corresponding variables. migrants and workers with an urban residency [22] . According to the Shanghai Bureau of Statistics in 2012 [23] , the average monthly income of residents was 4692 yuan, which was much higher than that of the migrants in our study. The economic factor may have reduced the likelihood for many migrants to engage in smoking behaviors in urban areas [24] . Moreover, the main goal of migrants leaving home was to earn money which also makes them more likely to lessen or abandon their smoking behaviors to save more money and send money home [19] , thus leading to the lower prevalence of smoking. Previous studies also showed that tobacco smoking prevalence was lower in migrant men than that in the urban and rural residents [19, 24] . Three groups of risk factors were found to be significantly associated with smoking in our study. First, occupation was a determinant of smoking risks among rural-to-urban migrants. Female migrants working at construction sites, hotels/restaurants and entertainment venues had 8.8 times, 5.06 times and 6.79 times the likelihood to be current smokers compared with those working in factories. Similarly, the male migrants working at construction sites and entertainment venues had 1.3 times and 1.86 times the likelihood to be current smokers. The increased risk of smoking experienced by migrants working in the construction sector may be first attributed to this high stress job. Exposure to occupational hazards (e.g., chemicals and dust) is a typical job stressor for construction workers, which has been demonstrated to positively affect current smoking [25, 26] . Next, construction is a high hazard but low-income occupation, and payment is often delayed or withheld [27] . This results in a lower socioeconomic status among construction workers and makes them more prone to smoking. Thirdly, the gender discrimination from supervisors and coworkers may be a reason for the higher odds of smoking among female construction workers than the male construction workers [25, 28] . Thus, tobacco control intervention for this population should consider work-related occupational factors along with individual approaches [25] .
The increased odds of smoking among migrant workers employed in hotels, restaurants and entertainment venues may be related to that particular workplace making them more exposed to smoking, resulting in a significantly higher likelihood of smoking [13] . Furthermore, branding and packaging of female specific cigarettes is an effective approach to recommend cigarettes to young women, leading to the substantially higher prevalence of current smoking among women who was exposed to female specific brand cigarettes than those who did not attempt female brands [29] . To prevent these young women from smoking, related regulations should be developed to limit the packaging and advertisement for female targeted cigarettes brands [13] . Second, our study also suggested that migratory history was positively associated with current smoking behavior. For male migrant workers, longer time living in an urban environment correlated with an increased risk of smoking. This may result from the stress caused by long-term separation from family and pressure to establish social relationships, as well as increased exposure to foreign cultures and urban cigarette marketing campaigns [12] . The number of cities they migrated through was also associated with elevated risk of smoking, which may be ascribed to the stress for adapting to new environments and circumstances and the high concern for the unstable living situations and employment opportunities [20] . This seemed to be more severe for male migrants because the more cities migrated, the male migrants were more susceptible to be current smokers.
Last, the regression model showed that migrant workers with unhealthy psychological status (SCL-90 total scores > 160) were at a higher level of risk for cigarette smoking. This supports previous evidence that psychosocial stress was an important risk factor for smoking among urban residents [30] . Navigating life in urban areas, instability of living and employment conditions, discrimination, and lack of social support also can induce a high level of psychosocial stress and high rates of mental problems for migrant workers [31] , which in turn increase the susceptibility to cigarette smoking. Special prevention initiatives addressing the need to reduce exposure to psychosocial stress should target rural-to-urban migrants in order to help prevent smoking.
In addition to the above three crucial factors for female and male migrants, the female with high monthly income and the male being divorced/widowed may also be significantly related with the smoking prevalence. Female migrants who earned higher incomes may work in entertainment sectors such as night clubs and thus are more likely to be intoxicated by smoking [11] . Marital termination may lead to a loss of spousal support to buffer against stress and then contribute to increased smoking [32] . A higher age and working at domestic service appeared to be protective factors for smoking. This may be due to the higher wish to quit smoking for a participant with higher age owing to health concerns and the customer requirement for domestic service migrants.
Our findings provide some suggestions for the direction in which tobacco prevention strategies could be targeted to high risk populations of rural-to-urban migrant workers. In our study, 55.2% of current smokers reported their workplace as the location they smoked most often, while only 18.3% migrants reported smoking at public place. In 2010, the Shanghai People's Congress Standing Committee issued the Smoking Control Legislation in Public Places and totally prohibited smoking in 13 types of public places [33] . The implementation of these regulations further makes smoking at public places decrease somewhat [34] . This might explain the lower smoking rate at public places. However, this legislation is not a comprehensive ban and there is still no mention in the ban of workplaces. Previous studies have demonstrated that restriction of smoking in workplaces is an effective method by which tobacco consumption and exposure to second-hand smoke can be reduced [35, 36] . Our data suggests that smoke-free policies in workplaces, in addition to public places, should be broadened and strengthened in China. Integrated healthcare programs should be provided to the migrant population to help them identify relevant risk factors for cigarette smoking and better enable them to stop smoking. In addition, healthcare programs should address stress management as an important component of smoking cessation. This includes the identification of stress risk-factors and appropriate strategies to cope with stressors, which may further reduce smoking behavior.
This study has several limitations. Firstly, we cannot draw conclusions regarding causality and the point estimates as well as associated variance estimates are likely biased because of the cross-sectional design, and nonrandom, quota sampling selection of participants. Secondly, we studied residents of only one city and cannot generalize the identified risk factors to the overall population of rural-to-urban migrant workers. Thirdly, having utilized a self-reporting questionnaire, our data may suffer from an information bias caused by interviewer expectations. However, since smoking is widely regarded as a normal behavior in China, the self-report bias in smoking research has been previously reported to be minimal [37] .
Conclusion
Our study reports the smoking status and risk factors for smoking among a highly vulnerable population of rural-tourban migrant workers in Shanghai. Our findings indicate a need for tobacco control among this rapidly growing Chinese subpopulation. We recommend implementation of comprehensive targeted interventions addressing risk factors for smoking. Further research into the smoking behaviors of rural-to-urban migrants in additional cities is required in order to determine whether similar factors may contribute to smoking behavior nationwide.
